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Abstract
Plants have phenolic compounds with antioxidant activity. These compounds are distrib-
uted in tissues and cells of plants and their abundance depends on the species, the part of 
the plant used, maturity stage, light hours, among others. On the other hand, the profile 
and quantity of phenolic compounds extracted from plant matrices changes depending 
on the species, cultivar, climate, and other factors. Plant extracts do not present a unique 
phenolic component, they correspond a mixture and its antioxidant activity will be 
affected by the concentration of each one and their action depends on this composition. In 
this chapter, some generalities about the phenolic compounds with antioxidant activity 
present in plant matrices will be exposed, also the principal methods for their extraction 
and quantification will be described and this information will be complemented with a 
review on applications of these compounds in food industry. In that sense, the reader 
can infer the importance of continue to studying and developing techniques to obtain, 
extract, and characterize this kind of compounds, also they can identify possible applica-
tion of them, the most important, they can recognize them as an alternative to replace 
chemical synthetized antioxidants used in food industry improving the market of natural 
products.
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1. Introduction
Over the years, benefits have been attributed to fruits and vegetables consumption associated 
with their content of phenolic compounds with antioxidant activity that may contribute to 
reduce the risk of cardiovascular diseases and cancer [1]. The antioxidant behavior of pheno-
lic components is related to their ability to chelate metals, inhibit lipoxygenase, and capture 
free radicals, although sometimes they can also act as promoters of in vitro oxidation reactions 
[2]. In this way, phenolic compounds act as antioxidants by delaying or preventing autooxida-
tion or oxidation and free radicals sequestration, forming more stable compounds that cannot 
undergo subsequent oxidations, which allows them to protect low density lipoproteins (LDL) 
of the human body from oxidation [3]. Antioxidant activity of different foods research, such 
as fruits, vegetables, and plants in general, have indicated the positive effects of this on dis-
eases control related to oxidative stress [4–6].
Phenolic compounds are chemical substances that have an aromatic ring attached to one or 
more hydroxyl groups, including functional derivatives such as esters, glycosides, among oth-
ers. They have an acidic behavior, since the oxygen of the hydroxyl group is strongly bounded 
to aromatic ring, while the oxygen and hydrogen bond is relatively weak, which have allowed 
the proton dissociation that can be released into the medium, causing a phenolate ion neg-
atively charged [7]. They are secondary metabolites distributed in the plant kingdom, from 
which more than 8000 compounds have been identified that differ in chemical structures and 
in activity. Its distribution in tissues and cells varies among different fruit and vegetable species 
and its abundance depends on the species, the type of crop, the part of the plant used, the type 
of soil, maturity stage, light hours, fertilization, part of the vegetative cycle, among others [8].
These compounds participate in various functions of plants, such as nutrient absorption, pro-
tein synthesis, enzymatic activity, photosynthesis, structural components formation, allelopa-
thy, and defense against adverse environmental factors [9]. They are substances responsible 
for providing fragrances, colors, and flavors to various plants. As an example, anthocyanins 
are responsible for the red, blue, and violet color of red fruits such as cherries, blackberries, 
or currants, while flavones are attributed the yellow color of fruits such as lemon or banana. 
This type of compounds in addition to giving color also contribute by providing character-
istics to taste (astringency) of some foods and affecting the sugar/acid ratio of some fruits, as 
well as being used as a criterion to determine the overall quality of fresh fruits and derived 
products of these [10]. Among the polyphenols that are considered important in food, are 
the acids such as gallic, synaptic, ferulic, caffeic, p-coumaric, and their derivatives; as well 
as the flavonoids and their glycosides [11]. In that sense, phenolic compounds are usually 
classified into three groups such as flavonoids, phenolic acids, and polyphenols, the most 
important being the benzoic acid derivatives for their therapeutic use and specifically the 
flavonoids for having the greatest chemical diversity with approximately 6000 different struc-
tures. The profile and quantity of phenolic compounds extracted from plant matrices changes 
depending on the species, cultivar, season, climate, and other factors such as the cultivation 
method. However, the extraction performance depends mainly on the solvent polarity used, 
the extraction method, the duration of the process, and the quantitative and qualitative distri-
bution of the compounds present [3, 11, 12].
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The plant extracts, in their majority do not present a unique phenolic component, but, on 
the contrary, correspond to the mixture of several of these. In that sense, its antioxidant 
activity will be affected by the concentration of each one in the analysis matrix [3]. This is 
how there is no single methodology to know the antioxidant capacity of an extract and, 
therefore, to obtain more comprehensive and complete information, different methods 
must be used with different mechanisms of action. In addition, due to the heterogeneity 
of the analytical conditions used, among which are: wavelength, radical generator, time of 
analysis and how to express the results, is possible to reach values of antioxidant capacity 
that are not comparable. In that way, in this chapter some generalities about the phenolic 
compounds with antioxidant activity present in plant matrices will be exposed, also, the 
principal methods for their extraction and quantification will be described and this infor-
mation will be complemented with a review on applications of these compounds in food 
industry.
2. Classification and properties of phenolic compounds
Phenolic compounds can be classified as extractable and non-extractable, as explained below:
Non-extractable polyphenols: these are compounds with high molecular weight, or polyphenols 
linked to dietary fiber or proteins that can be found in extraction wastes. Include hydrolysable 
tannins and condensed tannins with a high number of units in the polymer chain. The hydro-
lysable tannins are polymeric structures that can derive from gallic acid or its condensation 
dimer product hexahydroxydiphenic acid. The condensed tannins or proanthocyanidins, on 
the other hand, are polymeric structures, formed by the union of flavan-3-oles, and can be 
procyanidins, prodelfinidins, and propelargonidins [13].
Extractable polyphenols: these are low or medium molecular weight compounds that can be 
extracted with aqueous or aqueous-organic solvents. They are classified according to their 
chemical structure in: flavonoids, which are much more complex structures, which in turn, 
are subdivided into flavones (chrysin and rutin); flavonols (quercetin and myricetin); fla-
vanols or catechins (epicatechin, epicatechin gallate, epigallocatechin, and epigallocatechin 
gallate); flavanones (hesperidin and naringenin), anthocyanins (delphinidin, malvidin, and 
cyanidin) and condensed tannins with a low number of monomers, etc. [13]. On the other 
hand, non-flavonoid compounds are formed by an aromatic ring substituted by an alcohol in 
one or more positions and are classified according to the number of carbons they have, within 
this group can be found: simple phenols, benzoic acids, hydrolysable tannins, acetophenones 
and phenylacetatic acids, cinnamic acids, coumarins, benzophenones, xanthones, stilbenes, 
chalcones, lignans, and secoiridoids [14].
Showing up next a description of some of the phenolic compounds present in plant species, 
including some of their properties and possible applications.
Simple phenolic: these are compounds to which antioxidant, antibiotic, antiparasitic, and cyto-
toxic properties have been attributed. In general, foods such as cereals are found as resorcinol 
derivatives [15].
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Aromatic carboxylic acids and their derivatives: they occur naturally in many plant species [16] 
and have been linked to immunostimulant, choleretic, anti-inflammatory, analgesic, anti-
pyretic, and protective properties of the cardiovascular system [11]. The antioxidant proper-
ties of phenolic acids have been associated to their capacity to purify free radicals avoiding 
lipids peroxidation, inhibiting LDL plasma oxidation, and purifying reactive oxygen, which 
plays a very important role in the promotion of tumors, carcinogenesis. They also act preven-
tively on diseases of the coronary arteries, by decreasing platelet aggregation [17]. Among 
phenolic acids, antioxidant properties have been attributed as follows: caffeic acid, chloro-
genic acid and its isomers, such as 4-O-caffeyl-quinic [18], being the chlorogenic acid the most 
abundant in plants and the most active antioxidant in this group. It is also known that benzoic 
acid plays important roles in plant metabolism by regulating their growth and chemically 
modifying the rhizosphere forming part of the radical exudates; it also increases the capacity 
to capture minerals when it accumulates in soil in a great concentration [19, 20]. This acid is 
also a mediator of stress responses, as it is incorporated into numerous secondary metabolites 
associated with plant-herbivore or plant-pathogen interactions [21].
Acetophenones and phenylacetic acids: they are used as sunscreens in sun creams and o-hydroxy-
benzophenones are used to protect fibers from photodegradation in the textile industry [11].
Phenylpropanoids: these are products that have a specific role in the response to pathogens or 
protection from ultraviolet rays, through their antioxidant capacity and energy dissipation, as 
well as their function as structural components of the cell wall [22]. Due to the phytotoxicity 
of these compounds, they are stored in their glycosylated form in the vacuoles or conjugated 
with other components of the cell wall [23]. The cinnamic acid derivatives are abundant in 
nature in free form (coumaric acid and caffeic acid) or esterified with sugars (caffeyl-tartaric 
acid), quinic acid (chlorogenic acid), etc. While the benzoic acid derivatives are in free form, 
such as acids (vanillic acid and gallic acid) or aldehydes (vanillin and anisaldehyde).
Coumarins and related: in plants, these compounds can be present in seed cover, fruits, flow-
ers, roots, leaves and stems, but in general, the highest concentrations are found in fruits and 
flowers. Its function is related to plant defense, given its antimicrobial, antifeedant, protec-
tive properties of UV radiation and inhibiting germination. The pharmaceutical interest for 
coumarins is due to their vitamin properties, their ability to decrease capillary permeability 
and an increasing in the strength of capillary walls. They present a wide range of physiologi-
cal effects in animals, ranging from the less complex element of this group known as simple 
coumarin, which is toxic to mammals, to the last in the scale that is noboviocin, recognized as 
a commercial antibiotic [17].
Flavonoids and derivatives: these compounds are widely distributed in plants, especially in leaves, 
flowers and pollen, as well as in woody parts, such as peduncles and barks. It is known that 
plants that grow in full sun exposition have more flavonoids than those that grow in the shade, 
which makes interpreting their presence as a mechanism of plant defense to oxidations pro-
moted by UV light. Among its plant functions, antifungal and bactericidal role is highlighted. 
Flavonoids have an enormous scientific interest due to the protection they exert against chronic 
diseases such as cancer and cardiovascular diseases [24, 25]. Flavonoids contain a variable num-
ber of phenolic hydroxyl groups in their chemical structure, have excellent chelation properties 
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of iron and other transition metals, which gives them a high antioxidant capacity and therefore, 
play an essential role in protection against the phenomena of oxidative damage [26, 27].
The growing interest in flavonoids as antioxidants is due to the appreciation of their broad 
pharmacological activity, since they can bind to biological polymers, such as enzymes, hor-
mone transporters and DNA; chelate transient metal ions, such as Fe2+, Cu2+ and Zn2+, catalyze 
the transport of electrons and purify free radicals. So, these type of compounds have an inter-
est from a nutritional point of view, since the obtaining and food preparation with a high 
content of these, supposes a decreasing in the use of antioxidant additives, at the same time as 
obtaining healthier foods, which can even be considered functional foods [28].
The activity of flavonoids as antioxidants depends on the redox properties of their hydroxyphe-
nolic groups and the structural relationship. For example, it has been determined that chemical 
criteria that are related to antioxidant capacity of the flavonoids are as follows: (a) the presence 
of O-dihydroxy structure in the B ring; that gives greater stability to the radical form and partici-
pates in electrons delocalization, (b) the double bond in conjunction with 4-oxo function of the C 
ring and (c) the hydroxyl groups in the three and five positions. Given these concerns, quercetin 
flavonol is the one that exerts an effective antioxidant function, with a Trolox value of 4.7 mM, 
which is five times greater than that shown by vitamins E and C and has a water-solubility simi-
lar to vitamin E. In addition, the antioxidant function of quercetin shows synergistic effects with 
vitamin C, since ascorbic acid reduces the quercetin oxidation, in such a way that combined with 
flavonoid can maintain its antioxidant functions for longer [29]. Another flavonol is kaempferol, 
a bleaching inhibitor of illuminated chloroplasts, due to the inhibition of the reactions promoted 
by the triplet of oxygen inside the chloroplast and the protection against thermal autooxidation 
of palm oils, corn, sunflower, soy, olive, peanut, coconut, butter and margarine [30]. In that 
sense, polyhydroxylated chalcones, such as butein, have shown considerable antioxidant activ-
ity for shortening, being twice as active as quercetin or α-tocoferol. Chalcones with two adjacent 
hydroxyl groups are almost as effective as butein, however, the presence of additional hydroxyl 
only slightly increases the inhibitory activity of rancidity, while hydrogenation of the chalcone 
double bond increases the antioxidant power, is found that pentahydroxydihydrochalcone is 
2–3 times more active than the corresponding unsaturated chalcone [31].
Other examples of this type of metabolites are the catechin, epicatechin, gallocatechin, com-
pounds that act as OH’ radical sequestration generated in a Fenton system ranged from 100 
to 300 times higher than the effects of mannitol, a typical sequestration of the most toxic from 
all reactive oxygen-ERO species in vivo generated [32]. In this, there is a positive correlation 
between phenolic compounds and antioxidant capacity, in this case, the antioxidant capacity 
depends on secondary metabolites, especially those of phenolic nature such as flavonoids [33].
Tannins: antioxidant activity study of condensed tannins in vitro and in vivo shows that they are 
effective scavengers of free radicals and they inhibit the tissues oxidation better than vitamin 
C, vitamin E and β-carotene. In vitro conditions has been shown that condensed tannins have 
a preference for neutralizing the hydroxyl free radical (•OH), as well as it has been demon-
strated that they have the capacity to act as noncompetitive inhibitors of the enzyme xanthine 
oxidase, one of the biggest generators of free radicals in cellular metabolism [34]. The biologi-
cal properties of tannins are linked to their capacity to form complexes with macromolecules, 
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particularly with proteins (digestive proteins, fungal or viral enzymes). This explains the prob-
lems that its presence can cause in industrial processes associated with food and beverages 
(cloudiness of beer) production or in agriculture (formation of humic acid, which decreases 
soybean nutritional value) [15]. Due to tannins affinity with proteins, they can be used as fol-
lows: antidiarrheals, in products for skin protection and mucous membranes, vasoconstrictors, 
skin regenerators, antiseptics, antibacterials and antifungals. Additionally, they act as scaven-
gers of free radicals and inhibitors of superoxides formation, enzymatic inhibitors of 5-lipoxy-
genase, angiotensin-converting enzyme (ACE), elastase and protein kinase C.
Xanthones, benzophenones and stilbenes: xanthones and benzophenones are present in roots and 
exotic fruits, while stilbenes have been found in different types of fruits and foods. Its major 
representative is resveratrol (3,5,4′- trihydroxystilbene), which occurs in grapes, red fruits and 
peanuts. This compound has an anticancer effect and inhibits reactions that increase the risk of 
coronary heart disease [35]. Additionally, it has been found to be useful in treatment of various 
chronic diseases, such as inflammation, arthritis, cardiovascular diseases and delaying aging, 
while xanthones have shown antiprotozoal activity including activity against Leishmania [15].
Lignans and lignins: these are the most abundant organic substances in plants, after cellulose. 
These are part of the lignin of the cell wall and participate in plant growth. They also belong 
to the group of phytoestrogens acting as antioxidants, decreasing the effects of free radicals. 
There are simple lignans and cyclic lignans that fight against the damaging effects of free 
radicals and whose compounds like enterodiol and enterolactone have anticancer potential 
that mimics the functions of human hormones, in addition to inhibiting the growth of breast 
and prostate tumors [36].
Phenolic diterpenes: this type of compounds are widely known to be potent inhibitors of the 
linoleic acid oxidation. Its mechanism of action is related to metals chelation by the central 
beta-diketone group [37].
It can also be included in this review, ubiquinol, which is a product of the ubiquinone (vita-
min Q) reduction, a potent antioxidant in vivo conditions of low oxygen concentration, such 
as those found in many cellular environments, also inhibits the peroxidation of arachidonic 
acid in emulsion, which have hemoglobin as an initiator and prevents lipids photooxidation 
in mitochondria. The observed reactivity of ubiquinol with the free radical diphenyl-picryl-
hydrazyl suggests that is an antioxidant that breaks the chain reaction and probably reacts 
 in vivo with peroxy radicals [38].
In Table 1 some of these compounds isolated from different plant matrices are presented 
[39–41].
2.1. Extraction and quantification of phenolic compounds
Among the techniques used in phenolic compounds extraction are as follows: maceration, 
digestion, decoction, infusion, percolation, soxhlet, countercurrent extraction, ultrasound-
assisted extraction, microwave extraction, extraction with supercritical fluids, extraction 
with hydrofluorocarbon solvents, micro -extraction in solid phase, partition, chromatogra-
phy, hydrolytic maceration followed by distillation, hydro-distillation, micro-distillation, 
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molecular distillation, thermo-micro-distillation, among others. In these methods, the solvents 
used depend on the hydrophilic or lipophilic character of the compounds of interest, thus, for 
the lipophilic extracts preparation, hexane, diethyl ether and methylene chloride can be used, 
while for the extraction of hydrophilic compounds, methanol has been used, ethanol, mixtures 
of ethanol/water, acetone/water and methanol/water and extraction in acidic medium (pH = 2) 
with methanol/water, followed by acetone/water and water/acetonitrile in acidic medium [14].
Showing up next applications of some solvents according to the polarity:
• Water: extraction of anthocyanins, lectins (carbohydrates bound to proteins), polypeptides, 
saponins, starch, terpenoids and tannins.
• Methanol: extraction of antoncianins, lactones, phenols, polyphenols, saponins, tannins, 
terpenoids and xanthoxillins.
• Ethanol: extraction of alkaloids, flavonols, polyphenols, polyacetylenes, terpenoids, ste-
roids and tannins.
• Acetone: extraction of alkaloids, coumarins, fatty acids and terpenoids.
• Chloroform: extraction of flavonoids and terpenoids.
• Ether: to extract flavonols and phenols [42].
Group Number of 
carbons
Plant matrix Compound or type
Simple phenolic C6 Banana Transcinnamic acid
Benzoic acid C6–C1 Strawberry p-Hydroxybenzoic
Acetophenones and phenylacetic 
acids
C6–C2 Blueberry
Phenylpropanoids C6–C3 Grapes
Coumarins C6–C3 Tangerine, orange, lemon Caffeine acid, scopolin
Flavonoids C6–C3–C6 Cherry, orange, grape, 
soybeans
Isoflavones, quercetin, cyanidin
Tangerine, orange Flavanones
Parsley, celery, oreganum Flavones
Apple, pear Flavonols
Grapes Flavanols
Benzophenones and stilbenes C6–C1–C6 Grapes Resveratrol
Xanthones C6–C2–C6 Mangosteen, mango Mangiferine
Lignans and lignins (C6–C3)n Passion fruit, lime, fruits 
with bone
Daidzein
Table 1. Classification of phenolic compounds.
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To minimize the generation of organic waste from extractions and reduce the environmental 
impact caused by the disposal of toxic solvents used in some extractions, in recent years, the 
development of sustainable extraction methods has been studied, such as those in which they 
use acidified water and ethanol as solvents, in addition to the developments in the area of 
extraction with sub-critical water [14].
2.2. Methodologies for the quantification of phenolic compounds
Depending on equipment availability and the needs of the measurement in terms of costs, pre-
cision and speed, quantification techniques can range from simple spectrophotometric analy-
sis to complex chromatographic analysis [43]. Among the spectrophotometric techniques for 
quantification of phenolic compounds are the Folin-Ciocalteau method, which determines 
the ability of polyphenols to reduce Mo(VI) to Mo(V), by using the Folin-Ciocalteau reagent 
(mixed of phosphotungstic acid and phosphomolybdic acid). As a result of such reaction, a 
color change from yellow to blue is observed [3, 44]. The results of quantification of polyphe-
nols obtained by this methodology, can be expressed in equivalents of gallic acid, catechin, 
colorgenic, caffeic, protocatecuic, vanillinic or ferulic acid, making it difficult to establish com-
parisons among different determinations [13]. This methodology can be applied on a routine 
basis, due to the speed with determinations, which can be made at relatively low costs of these 
in comparison with other techniques [43]. However, it has been observed that the amount of 
phenols can be overestimated, since other compounds than phenols (sugars, organic acids, 
iron (II), nitrogenous compounds and other inorganic substances such as sulfates, phosphates 
and chlorides) can present interferences due to their reactions with reagent or at the wave-
length used (close to 730 nm) in the determination [8, 13]. An example of the methodology is 
that proposed by García, for the quantification of phenolic compounds in plant extracts [8].
Another spectrophotometric technique is the one used for the quantification of total flavo-
noids where the ortho-dihydroxylated, meta-hydroxylated and para-hydroxylated flavo-
noids are chelated by reaction with AlCl
3
 [45]. However, since plant extracts may vary in their 
turbidity, is possible that in some samples there are alterations in the results [46]. For antho-
cyanins measurement, a colorimetric method based on the color change obtained as a result 
of pH variation can also be used. Taking into account that anthocyanins have a red, violet or 
purple coloring at acidic pH, while at basic pH, they are green or blue [47]. An example of its 
application was carried out by Gajula et al., for flavonoids and anthocyanins quantification in 
a plant extract (Ocimum basilicum L.) [48].
Apart from the spectrophotometric techniques are the chromatographic techniques for phe-
nolic compounds quantification and identification. From these, the simplest technique is the 
column chromatography based on sample separation as it passes through a column packed 
with silica that allows compounds separation and their subsequent quantification through 
the use of a detector used at different wavelengths. Each type of compound is quantified by 
the preparation of a calibration curve and the results are expressed in terms of concentration 
or total amount of specific compounds in the analyzed extracts. One of the advantages of this 
technique when is used for separation and determination of phenolic compounds, is that does 
not require the previous sample derivatization [49]. Some examples of the application of this 
type of techniques are reported by Stefenona et al., Sánchez et al., and Martínez [14, 45, 50].
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As a complement to chromatographic techniques and to improve the compounds identifica-
tion found in the extracts, mass spectrometry is currently used, in the analysis of flavonoids 
extracted from plants [51]. This have allowed to know significant information about the 
structure of the present compounds even when sample quantities analyzed are very small 
or correspond to mixtures. With respect to flavonoids characterization applying mass spec-
trometry, the information obtained can be as follows: (1) the remains of aglycones, (2) types 
of carbohydrates (mono, di, tri, or tetrasaccharides and hexoses or pentoses) present, (3) the 
stereochemical assignment of terminal carbohydrate units, (4) the sequence of the glycan 
part, (5) the inter-glycosidic linkages and (6) points where the substituents bind to the agly-
cone [52]. Given that there are cases in which mass spectrometry and analysis through high 
performance liquid chromatography (HPLC) in the UV-Vis spectrum are not sufficient to 
identify the compounds present in a sample, is necessary to use gas chromatography (GC) 
coupled to mass spectrometry to achieve more accurate results. However, in the case of gas 
chromatography for the analysis of non-volatile and thermolabile compounds is necessary 
to previously carry out their conversion into volatile and thermotolerant chemical deriva-
tives. In this sense, silylation of these compounds has been proposed, prior to GC quantifica-
tion [49].
2.3. Methodologies for the quantification of antioxidant activity
The measurements of the antioxidant activity can be carried out based on the information you 
want to obtain:
• Direct determination: a radical is used as a quantification factor (since it produces an ana-
lytical signal). In this sense, the addition of the antioxidant, before or after the generation of 
the radical, causes a decreasing in the signal (ABTS•+ or DPPH methods), which is propor-
tional to the antioxidant activity of the sample.
• Indirect determination: the presence of free radicals causes the loss or appearance of a 
reagent and therefore, in the presence of an antioxidant, an increasing or decreasing in the 
signal is caused (ORAC and FRAP methods) proportional to the antioxidant activity of the 
sample.
In that way, it is necessary to mention the differences between the free radical stabilizing 
activity or antiradicalaria (indirect methods) and the antioxidant activity (direct methods), 
the first being completely determined by the reactivity of an antioxidant against free radicals, 
characterized by reaction speed, while the second measures the ability to retard oxidative 
processes [53]. In this sense, the results of the antioxidant capacity measurement obtained by 
each of the methods do not always coincide, even among methods based on the same redox 
mechanism, there may be variations. Therefore, it is recommended that an assessment of the 
antioxidant capacity be carried out using more than one analytical technique and compari-
sons among results only be made when the same method has been used and samples have 
been obtained with the same solvents [8, 13].
In general, it has been suggested to combine FRAP and ABTS techniques [54]. This is because 
the use of the FRAP technique in combination with others such as ABTS and DPPH, allows 
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to evaluate different interactions of the antioxidant compounds, expanding the knowledge 
about them, which is relevant in the exploration of the antioxidant properties of nutraceuti-
cal products from natural sources or simply from some products included in the diet, such 
as fruits and vegetables [55]. When two techniques are used, as mentioned above, is gener-
ally sought that through one of them, is possible to determine the antioxidant activity based 
on transfer reactions of one electron (SET) and on the other, this same property is deter-
mined based on a transfer reaction of a hydrogen atom (HAT for its acronym in English) 
between an antioxidant and a free radical, allowing to evaluate the two mechanisms to 
extend the spectrum of the results obtained [8]. In Figure 1, the HAT and SET mechanisms 
are showed.
Table 2 summarizes the principal methods to quantify the antioxidant activity [13].
Regarding the expression of results of antioxidant capacity, several methods (FRAP, ABTS 
and ORAC) express the results in μmol Trolox/g of sample on dry or wet basis (Trolox is 
a water-soluble analog of vitamin E). Likewise, these results can be expressed in terms of 
vitamin C and E. In summary, a suitable method for the quantification of antioxidant activity 
Figure 1. Mechanisms of antioxidant reacting with free radical: single electron transfer (SET) and hydrogen atom 
transfer (HAT).
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should consider the electron transfer and hydrogen atoms reaction, establish the oxidation 
substrate, ensure that the substrate and how to induce oxidation, became relevant in terms 
of oxidative damage, be simple, have a mechanism and a defined endpoint, use available 
and affordable instrumentation, be reproducible, be adaptable to measure hydrophilic and 
lipophilic antioxidants, use different sources of free radicals with relevant biological charac-
teristics and be adaptable for routine large-scale analyzes [13].
This is increasingly important, since is known that no single method reflects the total antioxi-
dant capacity of a sample, that is, its ability to act as an antioxidant of lipophilic and hydro-
philic compounds through specific mechanisms, in addition to its reactivity against different 
species [56]. In addition, is known that the antioxidant activity of a sample is not only given 
by the sum of the antioxidant capacities of the components present in it, but also depends on 
the synergistic and inhibitory effects that may exist among compounds and the microenviron-
ment in which this one is [57].
2.3.1. Principal methods for in vitro antioxidant activity quantification
In Table 3, the advantage and disadvantages of in vitro antioxidant activity determination 
methods will be presented.
2.3.2. Principal methods for in vivo antioxidant activity quantification
There are different techniques to perform these measurements among which are as follows 
[68].
Techniques based on lipid oxidation:
• Malondialdehyde (MDA): a breakdown of lipid hydroperoxides generated from polyun-
saturated fatty acids generates different aldehydes, such as MDA, which is also produced 
in food and can be absorbed in the gastrointestinal tract.
• Exhaled alkanes: in this technique the exhalation of volatile hydrocarbons, mainly ethane 
and pentane, derived from the oxidation of polyunsaturated fatty acids, is measured. The 
principal advantage of this method is that is a non-invasive procedure.
Principle Method
Metal reduction Ferric ion-reducing antioxidant power (FRAP)
Peroxyl radical absorption capacity Oxygen radical absorbance capacity (ORAC)
Total radical-trapping antioxidant parameter (TRAP)
Hydroxyl radical absorption capacity Deoxyribose assay
Capacity for radicals absorption generated 
from certain organic molecules
2,2′-azinobis acid (3-ethylbenzothiazolin)-6-sulfonic (ABTS), radical 
2,2 diphenyl-1-picrilhydrazil (DPPH)
Quantification of products generated during 
the lipid peroxidation
Tiobarbituric acid reactive species (TBARs), oxidation of LDLs
Table 2. Principles of the most common methods used to quantify in vitro antioxidant activity.
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Method Advantages Disadvantages Refs.
ABTS
(2,2’-Azinobis acid 
(3-ethylbenzothiazolin)-6-sulfonic)
This method has a high sensitivity, is 
practical and fast. Is used to evaluate 
the antioxidant potential in plants, food 
and drink. Additionally, is a stable 
and soluble radical both in aqueous 
and organic media, allowing the 
evaluation of hydrophilic and lipophilic 
antioxidants; with the advantage that 
its spectrum has maximum absorbance 
at 414, 654, 754 and 815 nm in alcoholic 
medium, which represents a greater 
availability of wavelengths to carry 
out determinations, avoiding color 
interference.
Correlations have been observed  
among ABTS values and the 
polyphenol content determined by the 
Folin-Ciocalteau method, especially 
when measurements are carried out 
at the beginning of the reaction (after 
2 min) than when data came from 
measurements at longer times (15 min), 
which could be because in the first part 
of the reaction are the polyphenols that 
react, while in the second part are other 
metabolites derived.
In this case, the radical must 
be previously generated and 
reaction kinetics with some 
antioxidants can be slow, 
causing the determination 
of the endpoint to be carried 
out arbitrarily. This has led 
to differences in the literature 
regarding the time taken to carry 
out the determinations (between 
1 and 7 min) affecting the 
antioxidant activity  
values, since the TEAC 
determination is dependent on 
the incubation time, as well as 
the relationship between the 
amount of sample and ABTS• 
concentration.
It has also been found that 
the type of solvent used in 
antioxidants extraction from 
the sample influences the 
results obtained. In addition, 
as this technique is based on 
mechanisms of hydrogen atom 
transfer, the reactivity patterns 
and the reaction mechanism 
are difficult to interpret when 
the chemical structure of 
the evaluated antioxidant is 
unknown.
[3, 13, 
53, 55, 
57–59]
FRAP
(Ferric ion-reducing antioxidant 
power)
Method based on the power that an 
antioxidant substance has to reduce Fe3+ 
to Fe2. In this sense, 2,4,6-tripyridyl-
s-triazine (TPTZ) colorless ferric 
compound used in the test is reduced to 
a colored ferrous complex. Among its 
advantages is that the redox potential 
of Fe3−TPTZ is comparable with that of 
the ABTS allowing to analyze similar 
compounds with both methods, 
although the reaction conditions are 
different. This technique, having as a 
base mechanism the metal reduction 
used as chain reaction propagator of 
lipid peroxidation through breakdown 
of hydroperoxides to alkoxyl radicals, 
allows its use to correlate the 
antioxidant activity with the ability of 
the compounds to act as prooxidants, 
in addition to its ferric ion-reducing 
capacity.
These types of techniques are 
quite sensitive to ascorbic acid 
and uric acid, compounds that 
could reduce the ferric ion 
to ferrous ion and react with 
the latter to generate new free 
radicals. Also, being based on 
an electron transfer mechanism, 
this technique does not allow 
detecting compounds that 
act by the hydrogen transfer 
mechanism. In addition, 
any compound with a redox 
potential lower than 0.7 V could 
reduce Fe(III), overestimating the 
value obtained for the activity.
[3, 13, 
53, 55, 
58, 60]
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DPPH
(Radical 2,2 
diphenyl-1-picrilhidrazil)
In this method, DPPH• reacts with 
the sample in such a way that the 
determination is carried out indirectly by 
monitoring the decreasing in absorbance 
at 515 nm. A modification of this method, 
introduce kinetic parameters like EC
50
 
(effective concentration of the antioxidant 
necessary to reduce by 50% the initial 
amount of radical), tEC
50
 (time necessary 
to reduce by 50% the initial amount 
of radical with the given antioxidant 
concentration) and the antiradical 
efficiency (AE) calculated based on the 
aforementioned parameters, which also 
have allowed to establish relationships 
between the concentration of phenolic 
compounds and their antioxidant 
activity. These kinetic parameters are 
determined as follows:
 AE = 1 /  ( EC 50 ∗  t EC50 ) 
At higher AE, better the performance 
of the antioxidant even at low 
concentrations and in short times. 
Among the advantages of this method 
are the stability of the organic radical, 
which does not have to be generated in 
situ and its simplicity by not requiring 
sophisticated equipment.
It is known that many substances 
have an absorption spectrum 
that overlaps with the only 
maximum absorption that the 
radical presents interfering with 
the measurement. Additionally, 
its application is restricted to the 
fact that only allows measuring 
the activity of lipophilic 
compound
[13, 53, 
55, 57, 
58, 60]
ORAC
(Oxygen radical absorbance 
capacity)
It is based on the ability of antioxidant 
compounds to block free radicals 
by hydrogen atom donation. In this 
method, the AAPH (2,2’-Azobis-(2-
aminopropane)-dihydrochloride) 
artificial radical, oxidizes fluorescein 
in such way that fluorescein loses its 
fluorescence. Among its advantages 
is that it is easy to follow when using 
a colored or fluorescent probe. In 
addition, the use of a protein as a 
substrate prevents the substrate itself 
from generation of free radicals due 
to its oxidation. Likewise, the method 
is used to determine the antioxidant 
capacity of aqueous and hydrophobic 
samples, varying the source of radicals 
and the solvent. On the other hand, 
based on a mechanism of hydrogen 
atoms transfer, in this method, the 
reactions are of approximately 30 min 
to guarantee the reaction stabilization, 
independent of pH and solvent.
It is found that the fluorescein 
solution must be prepared daily, 
the reaction kinetics may vary 
depending on the antioxidant 
concentration, the temperature 
and the presence of metals and 
reducing agents. In addition, the 
results may be affected by the 
solvent used in the extraction 
and by non-antioxidant 
compounds present in plant 
foods, such as some amino 
acids and uronic acids, which 
become interferences, providing 
overestimated results.
[3, 13, 
53, 58, 
61]
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CBA
(Method of crocin decolorization 
or ß-carotene)
This method is based on crocin or 
β-carotene oxidation, natural derivatives 
of the carotenoids, by peroxyl radicals 
generated from AAP. For quantification, 
the crocin discoloration rate is 
measured in the presence and absence 
of antioxidants at 434 nm. In this sense, 
carotenoids can be decolorized by three 
main routes as follows: autoxidation, 
oxidation induced by heat or light and 
oxidation induced by peroxyl radicals 
(generated by AAPH generator or by 
lipids oxidation). This bleaching can be 
prevented or diminished by the addition 
of some antioxidant compounds 
capable of donating hydrogen atoms 
to neutralize free radicals. Among 
the advantages of this method are its 
simplicity and speed, in addition to the 
fact that it does not require specialized 
equipment for the determination.
The wavelength at which is 
measured coincides with food 
pigments (carotenoids), which 
can lead into a variability in 
the measurements. In addition, 
the reaction mechanisms of 
different antioxidants with 
crocin may vary, affecting the 
interpretation of the results. 
Another disadvantage is the low 
crocin availability (mixture of 
natural pigments extracted from 
saffron) that induces variability 
in the measurements.
[13, 62]
TBARS
(Tiobarbituric acid reactive 
species)
In this method, the absorbance at 
532–535 nm of a chromogenic complex 
formed between thiobarbituric acid 
and malondialdehyde (MDA) is 
measured, which is a by-product of 
the lipid oxidation of polyunsaturated 
fatty acids of at least 3 double bonds. 
It is considered a rapid, sensitive and 
economic measurement technique.
It is lack of specificity, since 
thiobarbituric acid reacts with a 
variety of aldehydes in addition 
to those formed during lipid 
peroxidation, in such way, the 
analysis in biological fluids is 
limiting. Another disadvantage is 
that malondialdehyde and other 
short chain products are not 
stable for long periods of time.
[13, 53, 
60]
TRAP
(Total radical-trapping 
antioxidant parameter)
It is one of the most widely used 
technique to determine antioxidant 
activity in fluids. As an advantage, 
this methodology allows to determine 
the non-enzymatic antioxidant 
capacity of the tissue through a 
hydrogen atom transfer mechanism. 
In this assay, a hydrophilic radical 
generator and a substance that detects 
these radicals, such as phycoerythrin, 
are used. In this way, the oxidation 
is initially inhibited during a latency 
period by the antioxidant and what is 
done is to compare the duration of this 
period for the sample against Trolox.
Different endpoints for the 
reaction have been proposed in 
its application, preventing the 
results comparison. In addition, 
not all antioxidants have a fully 
established inhibition phase, 
making this method inaccurate 
when comparing compounds 
that exhibit different inhibition 
behaviors in fluorescence in a 
given oxidant system.
[63]
DMPD
(N, 
N’-dimetil-p- phenylenediamine)
In DMPD method the free radical 
generated in the presence of an 
oxidizing solution of ferric chloride 
and acidic pH, becomes a colored and 
stable cationic radical, which has a 
maximum of absorbance at 505 nm. 
The experimental procedure is rapid, 
economical, sensitive and reproducible 
in the quantification of the antioxidant 
activity of hydrophilic compounds and 
in some cases lipophilic.
The technique is performed at a 
pH that is not physiological and 
reaction time that is required 
to perform the measurement 
(ranged from 18 to 21 h).
[13, 55]
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TOSC
(Total oxyradical scavenging 
capacity)
It is based on the oxidation of alpha-keto-
gamma-methylbutyric acid to ethylene 
by the action of hydroxyl, peroxyl and 
peroxynitrite radicals generated from 
2,2-azobis amidinopropane (ABAP). 
The TOSC value is found by results 
comparison obtained for the sample 
with those of a pattern. As advantages 
of this methodology application is 
its availability for the total capacity 
measurement of oxiradical elimination 
in biological tissues and the possibility 
of used it to discriminate different 
oxyradicals indicating the functions 
of these species or their metabolic 
pathways.
In reaction kinetics, there is 
no dose-response relationship 
between the amount of 
antioxidant and the percentage 
of inhibition, preventing 
comparisons among results.
[13]
CUPRAC
(Cupric ion-reducing antioxidant 
capacity)
It is a method to assess the 
concentration and antioxidant capacity 
in biological samples, in samples from 
the food industry and in cosmetics. In 
addition, this method measures the 
total antioxidant capacity of a sample. 
This design is based on Cu(II) to Cu(I) 
reduction by the combined action of 
all antioxidants (reducing agents) in 
a sample. The CUPRAC assay uses 
a related compound neocuproin 
(2,9-dimethyl-1,10-phenanthroline), 
the Cu(I) complex which absorbs at 
450 nm.
Slowly reacting antioxidants 
required an incubation at 50 °C 
for 20 min for color development. 
Certain compounds also needed 
incubation after acid hydrolysis 
for color development.
[64]
Oxidation method of LDLs
(Low density lipoproteins)
In this method, the oxidation of LDLs 
isolated from different individuals 
is induced by different elements and 
compounds such as Cu2+ or AAPH and 
subsequently, the absorbance at 234 nm 
is measured, which is absorbed by the 
conjugated dienes generated during the 
oxidation process of LDLs.
I some cases the duration of the 
determination is too long.
[13, 53]
Deoxyribose assay This method measures the ability of an 
antioxidant or mixture of antioxidants 
to capture the hydroxyl radical. Is 
based on reaction of 2-deoxyribose 
(DR) when is oxidized in the presence 
of hydroxyl radical generated by 
the Fenton reagent in such way that 
malondialdehyde (MDA) is produced. 
MDA is mixed with 2-thiobarbituric 
acid (TBA) in acidic medium which 
allows the development of a pink 
color chromogen that can be measured 
at an absorbance of 532 nm. Higher 
absorbance values would indicate 
higher levels of OH• radicals [13, 
65]. As an advantage, this assay has 
been widely used to determine the 
antioxidant activity of foods and 
medicines.
There may be a strong alteration 
of the result when working with 
ethanolic extracts due to the 
interference caused by alcohol on 
the measurement.
[65, 66]
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• Ex vitro oxidation of LDLs: this method consists of subjecting the LDLs isolated from a 
particular subject to the same oxidation process, in order to observe their basal level of 
antioxidants or the effects of an antioxidant supplementation.
Techniques based on protein oxidation:
Within these techniques, three biomarkers have been used: 2-aminoadipic-semialdehyde 
(AAS), gamma-glutamic semialdehyde (2-GGS) product of the lysine and proline oxidation, 
respectively (supposed as the major products of protein oxidation), and nitrosine, oxidized 
derivative of proteins that can be generated by action of peroxynitrite or peroxidase.
Method Advantages Disadvantages Refs.
XO
(Xanthine oxidase assay)
It is an enzyme dehydrogenase that 
catalyzes the oxidation of hypoxanthine 
or xanthine to uric acid, by transferring 
an electron to the nicotinamide-
adenine-dinucleotide (NAD). During 
the XO reoxidation, molecular oxygen 
acts as an electron acceptor producing 
radical superoxide and hydrogen 
peroxide.
Modifications to this method 
have also been developed 
in which the reaction is not 
monitored through determining 
changes in absorbance at 295 
nm, but through HPLC or 
where what is determined is the 
evolution in uric acid formation 
and it can increase the cost and 
complexity of the method.
[13, 67]
Table 3. Principal methods for in vitro antioxidant activity quantification.
Matrix Folin 
ciocalteau
DPPH ABTS FRAP DMPD ORAC VCEAC CUPRAC HPLC Refs.
Pineapple, 
soursop, sweetsop, 
Artocarpus 
jackfruit, murici, 
papaya, mangaba, 
sapodilla, ciruela, 
umbu and tamarind
x x x x [58]
Broccoli, kale, 
cabbage and carrot.
x x [69]
Carrot, green 
pepper and lettuce.
x x [70]
Ulva species (Ulva 
clathrata (Roth), 
Ulva linza Linnaeus, 
Ulva flexuosa 
Wulfen and Ulva 
intestinalis Linnaeus
x x [71]
Kale, carrot, 
cabbage and  
barcoli
x x [72]
Edible fungi, 
Marasmius oreades, 
Lactarius deliciosus 
and Macrolepiota 
procera
x x x [64]
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3. Quantification of antioxidant activity and phenolic compounds in 
plant extracts
In Table 4, a compilation of information associated with the analytical methods and the con-
ditions used for the quantification of antioxidant capacity and total polyphenols in plant 
extracts, is presented.
Matrix Folin 
ciocalteau
DPPH ABTS FRAP DMPD ORAC VCEAC CUPRAC HPLC Refs.
Marine algae, 
Halimeda opuntia 
and halimeda  
monile
x x x [73]
Medicinal plants x x [74]
Honey x x [75]
Rosa damascena Mill. x x [76]
Fruits such as: 
acai, banana, star 
fruit, purple prune, 
curuba, peach, 
strawberry, passion 
fruit, guava,  
apple guava, kiwi, 
lulo, tangerine, 
tommy mango, 
red apple and 
Colombian 
vegetables such as: 
garlic, white bulb 
onion, red bulb 
onion, cauliflower, 
spinach, capira 
potato, etc.
x x [77]
Fruits such as: 
blackberry, passion 
fruit, anana, 
granadilla, guava 
and feijoa
x x x x [78]
Guava x x [79]
Lulo x x [80]
Opuntia fruit x [81]
Gulupa x x x [82]
Campomanesia 
lineatifolia Ruiz & 
Pav.
x x x x [83, 
84]
Table 4. Analytical methods for the quantification of antioxidant capacity and total polyphenols.
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4. Application of plant extracts with antioxidant activity in food 
processing
In Table 5, a list of some applications of plant extracts in food processing will be presented, 
highlighting its use in conservation processes improvement and shelf life extension.
Other applications can be found in the works developed in food matrices that include meats, 
oils, fruits, vegetables and cereal products [106].
Antioxidant Application Concentration Results Refs.
Achiote Biodegradable 
container for 
palm oil
Proportion of the 
natural additive 
(0.25, 0.5 and 1%, 
respectively)
During the storage period (45 days), a decreasing 
in phenolic content (17.8–36.2%) was observed in 
the additive used to make the packaging and a 
decreasing in the peroxide value of the three evaluated 
formulations in comparison with controls. The 
protective effect of natural additive was established, 
since the one that underwent the oxidation processes 
was the additive and not the palm oil. The results were 
directly proportional to the used concentration. The 
incorporation of this natural additive did not change 
the mechanical and barrier properties of the containers.
[85]
Yerba Mate Biodegradable 
container for 
palm oil
Proportion of the 
natural additive 
20%
During the storage period (45 days) under accelerated 
oxidation conditions (63% UR/30°C), the total 
polyphenol losses in the films (40% total loss) 
correlated with a lower increase in the peroxide value 
of the packaged product, demonstrating, in such way, 
instead of the product, the packaging compounds 
were those that underwent the oxidation processes. 
The yerba mate extract did not alter the mechanical 
and barrier properties of the films.
[86]
Prune Conservation 
of meat 
products
Prune extract showed antioxidant properties in 
products such as irradiated turkey, precooked pork 
sausage and roasted meat. However, in slices of ham 
the results were not adequate due to an increasing 
in cooking loss, values of cutting force and redness. 
The sensory quality of products derived from meat 
and poultry treated with prune products presented 
minimal differences with respect to untreated products.
[87]
Grape Meat 
conservation
0.05 and 0.1% The extract of grape seed has been shown to have 
an antioxidant potential 20 and 50 times higher than 
vitamin E and vitamin C, respectively. Numerous 
studies concluded that is an effective antioxidant for 
the preservation of raw and cooked pork. Likewise, it 
has been determined that the use of ActiVin (extract 
of grape seed) at 1.0% in minced meat, inhibits TBARS 
values by 92%. Likewise, it was established that low 
concentrations of grape seed extract, ≤0.2%, do not 
present adverse effects on sensory characteristics such 
as color, odor and taste, while concentrations higher 
than 1% affected the color of the finished products.
[88]
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Bearberry and 
grape seeds
Additive 
in raw and 
cooked pork 
meat patties
(80–1000 𝜇g/g of 
meat).
The antioxidant activity of bearberry have allowed a 
significant decreasing in lipid oxidation compared to 
control under refrigeration conditions, the effect being 
greater in raw meats than in cooked ones. Likewise, 
it has been reported that bearberry did not generate 
differences in color, taste, texture and juiciness.
[89]
Pomegranate Additive in 
cooked chicken 
burgers
10 mg of 
phenolic 
equivalents of 
tannic acid/100 g 
in fresh chicken
By using pomegranate powder in hamburgers 
preparation and refrigerating them for a period of 
15 days, a greater reduction of TBARS values was 
observed in comparison with BHT control (68%). 
Likewise, it was determined that pomegranate 
powder and pomegranate juice powder have little 
effect on sensory or quality attributes when used in 
concentrations of 5–20 mg equivalents of phenolic 
tannic acid/100 g of meat. Similar results have been 
obtained in raw goat meat, where the reduction was 
67%.
[90]
Blueberry Turkey 
conservation 
and cooked 
pork
Blueberry 
powder juice at 
0.32%
It has also been reported that the use of blueberry 
powder juice at 0.32% in turkey meat and cooked 
pork meat, have allowed to inhibit the lipid oxidation 
almost 10 times compared to control. This is attributed 
to the fact that this fruit has a high concentration of 
phenolic compounds (158.8 μmol of total phenols/g of 
dry weight) and especially of anthocyanins, which can 
inhibit the oxidation of lipids.
[91, 92]
Lotus flower Conservation 
of Cantonese 
Chinese 
sausage
Extract of lotus 
seed epicarp 0.1 
and 0.2%
The extract delayed the initial oxidation of lipids 
and the effect was dose dependent, likewise it was 
determined that inhibited the generation of molecules 
responsible for unwanted odors. The extract did not 
have significant inhibitory effects on the enzymatic 
hydrolysis of lipids.
[93]
Potato peel 
and sugar beet 
pulp
Oxidation 
control of 
sunflower oil 
and soybean 
oil
5, 10, 50, 100 and 
200 ppm
The oil conservation tests were carried out under 
accelerated conditions (72 h at 70°C) evaluating the 
action of natural extracts and synthetic antioxidants 
on the change in the peroxide value of the oils. It was 
observed that the action associated with an increasing 
in the peroxide index varied as follows: TBHQ> potato 
peel extract> BHT = sugar beet pulp> BHA.
[94]
Grape Osmo-
dehydrated 
foods
The study confirmed the potential of osmotic 
treatments for food development that incorporate 
functional ingredients such as antioxidants in a 
successful manner. It was observed that molecular 
weight of the phenolic compounds limits their 
penetration during treatment.
[95]
Wastes from 
wine
Oxidation 
control of 
frozen raw 
chicken meat
60 mg of 
total phenolic 
compounds/
(PC)/kg of meat
The protective effect of the extract against lipid 
oxidation of frozen raw chicken meat stored at 
freezing conditions (−18°C) was demonstrated. There 
were some differences in the color of the cooked 
product and its aroma, however these results were 
not very different from those obtained using synthetic 
antioxidants.
[96]
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Grape extracts Bread 
enrichment in 
antioxidant 
compounds
Addition of 
300 mg, 600 mg 
and 1 g of extract 
in 500 g bread
A decreasing in the antioxidant activity of 
the extract added to the bread was observed 
due to the thermal process involved in its 
elaboration. However, the use of the extracts has 
allowed to enrich the bread in compounds with 
antioxidant activity. The results showed that the 
addition of appropriate amounts of the extract 
contributed to the development of favorable changes 
in the bread color without altering the sensory 
properties thereof.
[97]
Moringa. Extension of 
the shelf life of 
cookies
Extract in cookie 
mass 0.5, 1, 2 and 
3%, respectively
The extract was used to control the oxidation of fats 
and oils present in cookies in such way that their  
shelf life could be prolonged. The extracts showed 
better results in comparison with those obtained  
using BHA, this perhaps due to its greater  
stability during the production process of the  
product.
[98]
Rosemary and 
Oreganum
Substitution 
of sodium 
erythorbate  
by natural 
extracts  
in lamb 
burgers
Concentration 
equivalent 
to 500 ppm 
of sodium 
erythorbate
The substitution did not affect the sensory quality 
of the product and managed to reduce the changes 
caused by meat deterioration, converting these plant 
extracts in a healthy alternative for the formulation of 
meat derivatives.
[99]
Natural 
antioxidants 
exploited 
commercially
Oxidation 
control in 
meat and meat 
products
Varies depending 
on the product 
and application
The natural antioxidants used in the elaboration of 
meat products (pork, chicken, goat, and cow) manage 
to reduce lipids and proteins oxidation in different 
meat matrices.
[100]
Rosemary and 
clove
Raw chicken 
conservation 
stored in 
refrigeration
Concentrations: 
1% rosemary 
extract, 1% clove 
extract and mix 
0.5% from each 
extracts.
The chicken was stored for 15 days at 4°C. As a 
control, the synthetic antioxidant BHT was used. It 
was demonstrated that the extracts of the studied 
spices showed a high effectiveness against  
microbial growth and lipid oxidation, demonstrating 
their potential as natural antioxidants for raw chicken 
meat.
[101]
Rosemary Control of 
thermoxidation 
of soybean oil
3000 mg of 
rosemary extract/
kg, a positive 
control of 50 mg 
of TBHQ/kg and 
extract mixture 
with TBHQ, were 
evaluated.
The assay included the addition of the antioxidant 
to the oil and its heating at 180°C for 20 h. 
Time during which determinations of oxidative 
stability, total polar compounds, tocopherol 
content and fatty acid profile, were carried out. 
The addition of the extract increased the oxidative 
stability and resulted in a low formation of polar 
compounds and a high retention of tocopherols. In 
the treatment with rosemary extract, a high amount of 
polyunsaturated fatty acids was observed after 20 h. 
No synergies were observed between the rosemary 
extract and TBHQ in terms of preventing the oil 
oxidation.
[102]
Betula pendula Oxidative 
stability 
of meat 
empanadas.
0.1 and 0.3% 
w/w.
A reduction of lipid oxidation was observed in 
the studied samples, which was followed by color 
changes and metmyoglobin concentration. The extract 
demonstrated ability to delay the lipids degradation 
present in the muscle of the meat.
[103]
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5. Conclusions
The compiled information in this work demonstrates the need to continue developing tech-
niques for the extraction of phenolic compounds with antioxidant activity from plant species 
in order to improve the obtained yields, have greater control over the extracts composition 
and their mechanism of action, to facilitate their implementation in food industry, where 
they can find great acceptance due to their natural character and their properties to lessen the 
impact of diseases attributed to the oxidation processes proper to human organism.
Author details
Ludy C. Pabón-Baquero*, Ángela María Otálvaro-Álvarez, Margarita Rosa Rendón Fernández 
and María Patricia Chaparro-González
*Address all correspondence to: lupabon@unisalle.edu.co
Programa de Ingeniería de Alimentos y Departamento de Ciencias Básicas, Universidad de 
La Salle, Bogotá, DC, Colombia
References
[1] Proteggente A, Pannala A, Paganga G, Van Buren L, Wagner E, Wiseman S, Van de Put F, 
Dacombe C, Rice-Evans C. The antioxidant activity of regularly consumed fruit and veg-
etables reflects their phenolic and vitamin C composition. Free Radicals Research. 2002;36(2): 
217-233
Antioxidant Application Concentration Results Refs.
Mango shell 
extract
Stability of 
pork meatballs 
stored at 4°C.
0.05, 0.10, 0.15 
and 0.20% (v/w)
During storage, the amount of phenolic compounds 
added to the product decreased slightly, while the 
lipid oxidation increased slightly. Mango shell extracts 
showed greater efficiency in the control of lipid 
oxidation against other extracts such as santol and 
rambutan. It was also determined that the treatments 
that included mango shell extract presented 
lower rancidity than control (without addition of 
antioxidants) after 10 days of storage. Mango extract 
applied at 0.2% (v/w) in pork meatballs showed the 
greatest effectiveness against lipid oxidation.
[104]
Campomanesia 
lineatifolia
Enzymatic 
browning 
control of 
potato
Potato immersion 
in a extract 
solution of 0.5, 
1 and 1.5%, 
respectively
A decreasing in the speed change of the color 
parameter “L”, corresponding to the brightness, had 
achieved by extract addition. The potatoes treated 
with the extract, presented a lower darkening than 
potatoes that were not treated during storage at 5°C 
and 55% of relative humidity.
[105]
Table 5. Applications of plant extracts with antioxidant activity in food processing.
Plant Extracts as Antioxidant Additives for Food Industry
http://dx.doi.org/10.5772/intechopen.75444
107
[2] Lino A, Magaly K, Herrera RJ. Evaluación de los compuestos fenólicos y capacidad anti-
oxidante del extracto de tres variedades de flor de mastuerzo (Tropaeolum majus). [the-
sis]. Huancayo: Universidad nacional del centro de Peru; 2015
[3] Agudo L. Técnicas para la determinación de compuestos antioxidantes en alimentos. 
Revista Autodidacta. 2002;9:27-34
[4] Del Rio D, Rodriguez-Mateos A, Spencer J, Tognolini M, Borges G, Crozier A. Dietary 
(poly)phenolics in human health: Structures, bioavailability, and evidence of protective 
effects against chronic diseases. Antioxidants and Redox Signaling. 2013;18:1818-1892. 
DOI: 10.1089/ars.2012.4581
[5] Mushtaq M, Wani S. Polyphenols and human health – A review. International Journal of 
Pharma and Bio Sciences. 2013;4(2B):338-360
[6] Tang D, Dong Y, Ren H, Li L, He C. A review of phytochemistry, metabolite changes, 
and medicinal uses of the common food mung bean and its sprouts (Vigna radiata). 
Chemistry Central Journal. 2014;8(1):1-9. DOI: 10.1186/1752-153X-8-4
[7] Bowsher C, Steer M, Tobin A. Plant Biochemistry. Garland Science: New York, NY, USA; 
2008
[8] García J, De la Rosa L, Herrera-Duenez G, González-Barrios A, López-Díaz J, González-
Aguilar G, Álvarez-Parrilla E. Cuantificación de polifenoles y capacidad antioxidante 
en duraznos comercializados en la ciudad de Juárez. México. Tecnociencia. 2011;5(2): 
67-75
[9] Paladino S. Actividad antioxidante de los compuestos fenólicos contenidos en las semi-
llas de la vid (Vitis vinifera L.). [thesis]. La Rioja: Universidades Nacionales de Cuyo; 
2008
[10] Martínez-Valverde I, Periago M, Ros G. Significado nutricional de los compuestos fenóli-
cos de la dieta. Archivos latinoamericanos de nutrición. 2000;50(1):5-18
[11] Sánchez-Paniagua M. Biosensores amperométricos de tirosinasa para la determinación 
de compuestos fenólicos en medios acuosos y no acuosos. [thesis]. Madrid: Universidad 
Complutense de Madrid; 2009
[12] Rodríguez-Pérez C, Quirantes-Piné R, Fernández-Gutiérrez A, Segura-Carretero A. 
Optimization of extraction method to obtain a phenolic compounds-rich extract from 
Moringa oleifera lam leaves. Industrial Crops and Products. 2015;66:246-254. DOI: 
10.12691/ajfst-5-2-4
[13] Pérez J. Metodología para la evaluación de ingredientes funcionales antioxidantes. 
Efecto de Fibra Antioxidante de Uva en status antioxidante y parámetros de riesgo car-
diovascular en humanos. [thesis]. Madrid: Universidad Autónoma de Madrid; 2007
[14] Sánchez E. Recubrimientos comestibles enriquecidos en extractos de origen vegetal para 
la conservación de aguacate fresco cortado: efectos sobre el potencial antioxidante, cali-
dad fisicoquímica y microbiológica. [thesis]. Lérida. Universitat de Lleida; 2014
[15] Peñarrieta J, Tejeda L, Mollinedo P, Vila J, Bravo J. Phenolic compounds in food. Revista 
Boliviana de Química. 2014;31(2):68-81
Antioxidants in Foods and Its Applications108
[16] Zuo Y, Wang C, Zhan J. Separation, characterization and quantitation of benzoic and 
phenolic antioxidants in American cranberry fruit by GC-MS. Journal of Agricultural 
and Food Chemistry. 2002;50(13):3789-3794
[17] Ringuelet J, Viña S. Productos Naturales Vegetales. Buenos Aires: Editorial de la 
Universidad Nacional de La Plata (EDULP); 2013
[18] Muñoz A, Ramos-Escudero D, Alvarado-Ortiz C, Castañeda B. Evaluación de la capaci-
dad antioxidante y contenido de compuestos fenólicos en recursos vegetales promiso-
rios. Revista de la Sociedad Química del Perú. 2007;73(3):142-149
[19] Kaur H, Kaushik S. Cellular evidence of allelopathic interference of benzoic acid to 
mustard (Brassica juncea L.) seedling growth. Plant Physiology and Biochemistry. 
2005;43(1):77-81. DOI: 10.1016/j.plaphy.2004.12.007
[20] Valdez L, González-Morales S, Benavides A. Ácido benzoico: biosíntesis, modificación y 
función en plantas. Revista mexicana de ciencias agrícolas. 2015;6(7):1667-1678
[21] Wildermuth M. Variations on a theme: Synthesis and modification of plant benzoic acids. 
Current Opinion in Plant Biology. 2006;9(3):288-296. DOI: 10.1016/j.pbi.2006.03.006
[22] Grace S, Logan B. Energy dissipation and radical scavenging by the plant phenylpro-
panoid pathway. Philosophical Transactions of the Royal Society of London B: Biological 
Sciences. 2000;355(1402):1499-1510. DOI: 10.1098/rstb.2000.0710
[23] Sepúlveda-Jiménez G, Porta-Ducoing H, Rocha-Sosa M. La participación de los metabo-
litos secundarios en la defensa de las plantas. Revista Mexicana de Fitopatología. 2003; 
21(3):355-362
[24] Romagnolo D, Selmin O. Flavonoids and cancer prevention: A review of the evidence. 
Journal of Nutrition in Gerontology and Geriatrics. 2012;31(3):206-238. DOI: 10.1080/ 
21551197.2012.702534
[25] Tenorio F, del Valle L, Pastelín G. Los flavonoides y el sistema cardiovascular: Pueden 
ser una alternativa terapéutica?. Archivos de cardiología de México. 2006;76:33-45
[26] Vélez V. Efecto de la suplementación con antioxidantes y el sistema de empaque sobre 
las características espermáticas del semen equino criopreservado y su relación con la 
criotolerancia espermática. [thesis]. Medellin: Universidad Nacional de Colombia; 2016
[27] Gilaberte Y, González S. Update on photoprotection. Actas Dermo-Sifiliográficas. 
2010;101(8):659-672. DOI: 10.1016/S1578-2190(10)70696-X
[28] Araya H, Lutz M. Alimentos funcionales y saludables. Revista chilena de nutrición. 
2003;30(1):8-14. DOI: 10.4067/S0717-75182003000100001
[29] Martínez-Flórez S, González-Galleg J, Culebras J, Tuñón M. Los flavonoides: propie-
dades y acciones antioxidantes. Nutrición Hospitalaria. 2002;17(6):271-278
[30] Agati G, Azzarello E, Pollastri S, Tattini M. Flavonoids as antioxidants in plants: Loca tion 
and functional significance. Plant Science. 2012;196:67-76. DOI: 10.1016/j.plantsci.2012.07.014
[31] Ávila H. Atividade antibacteriana de chalconas. [thesis]. Florianopolis: Universidade 
Federal de Santa Catarina; 2008
Plant Extracts as Antioxidant Additives for Food Industry
http://dx.doi.org/10.5772/intechopen.75444
109
[32] Pérez G. Los flavonoides: antioxidantes o prooxidantes. Revista Cubana de Investig-
aciones Biomédicas. 2003;22(1):48-57
[33] Chordi S. Contenido fenólico y capacidad antioxidante de fresa mínimamente procesada 
sometida a tratamientos de conservación por pulsos de luz de alta intensidad. [thesis]. 
Lerida: Universidad de Lleida; 2013
[34] Vázquez-Flores A, Álvarez-Parrilla E, López-Díaz J, Wall-Medrano A, De la Rosa L. 
Taninos hidrolizables y condensados: naturaleza química, ventajas y desventajas de su 
consumo. Tecnociencia Chihuahua. 2012;6(2):84-93
[35] Gambini J, López-Grueso R, Olaso-González G, Inglés M, Abdelazid K, El Alami M, Viña 
J. Resveratrol: distribución, propiedades y perspectivas. Revista española de geriatría y 
gerontología. 2013;48(2):79-88. DOI: 10.1016/j.regg.2012.04.007
[36] Suárez M, Corchado A, Olivares J, Campillo A, Méndez A, Serrano H. Metabolitos 
secundarios vegetales con importancia natural y biomédica; fenilpropanoides con 
actividad estrogénica. Ciencia en la frontera: revista de ciencia y tecnología de la UACJ. 
2014;12:75-92
[37] Habtemariam S. The therapeutic potential of rosemary (Rosmarinus officinalis) diterpenes 
for Alzheimer’s disease. Evidence-based Complementary and Alternative Medicine. 
2016. 14 p. Article ID 2680409. DOI: 10.1155/2016/2680409
[38] Mataix A. Efecto de los ácidos grasos de la dieta y la suplementación con coenzima 
Q10 sobre el estrés oxidativo cerebral durante el envejecimiento. [thesis]. Granada: 
Universidad de Granada; 2005
[39] Henufood. Grupos de alimentos y su importancia para la salud: Parte I (Frutas, verduras 
y hortalizas). 2005. Available from: http://www.henufood.com/nutricion-salud/aprende-
a-comer/grupos-de-alimentos-y-su-importancia-para-la-salud-parte-i-frutas-verduras-
y-hortalizas/index.html [Accessed: Feb 2, 2018]
[40] Asozumos, Asociación Española de Fabricantes de Zumos. El poder de los zumos de 
fruta para conseguir un cuerpo sano. 2013. Available from: http://www.besana.es/es/
web/201308/poder-zumos-fruta-para-conseguir-cuerpo-sano [Accessed: Feb 2, 2018]
[41] Scalbert A, Williamson G. Dietary intake and bioavailability of polyphenols. The Journal 
of Nutrition. 2000;130(8):2073S-2085S
[42] Devappa R, Rakshit S, Dekker R. Forest biorefinery: Potential of poplar phytochemicals 
as value-added co-products. Biotechnology Advances. 2015;33(6):681-716
[43] Curifuta M, Vidal J, Sánchez-Venegas J, Contreras A, Salazar L, Alvear M. Evaluación de 
la actividad antifúngica in vitro de un extracto comercial de propóleos Chileno contra 
seis hongos de interés agrícola. Ciencia e investigación agrarian. 2012;39(2):347-359. 
DOI: 10.4067/S0718-16202012000200011
[44] Morillas-Ruiz J, Delgado-Alarcón J. Análisis nutricional de alimentos vegetales con dife-
rentes orígenes: Evaluación de capacidad antioxidante y compuestos fenólicos totales. 
Nutrición clínica y dietética hospitalaria. 2012;32(2):8-20
Antioxidants in Foods and Its Applications110
[45] Martínez M. Determinación de compuestos fenólicos y actividad antioxidante de extrac-
tos acuosos de hojas de Vernonanthura patens (Kunth) h. Rob (Asteraceae). Guayaquil: 
Universidad de Guayaquil; 2017
[46] Martínez E. Determinación de compuestos fenólicos y actividad antioxidante de extrac-
tos acuosos de hojas de Vernonanthura patens (Kunth) h. Rob (Asteraceae) [thesis]. 
Guayaquil: Universidad de Guayaquil; 2017
[47] Salinas Y, García C, Coutiño B, Vidal V. Variabilidad en contenido y tipos de antociani-
nas en granos de color azul/morado de poblaciones mexicanas de maíz. Revista fitotec-
nia Mexicana. 2013;36:285-294
[48] Gajula D, Verghese M, Boateng J, Walker L, Shackelford L, Mentreddy R, Cedric S. 
Determination of total phenolics, flavonoids and antioxidant and chemopreventive 
potential of basil (Ocimum basilicum L. and Ocimum tenuiflorum L.). International Journal 
of Cancer Research (USA). 2009;5(4):130-143. DOI: 10.3923/ijcr.2009.130.143
[49] Proestos C, Komaitis M. Analysis of naturally occurring phenolic compounds in aro-
matic plants by RP-HPLC coupled to diode array detector (DAD) and GC-MS after 
silylation. Food. 2013;2(1):90-99. DOI: 10.3390/foods2010090
[50] Stefenona C, Bonesib C, Marzarottob V, Barnabéc D, Spinellid F, Webberd V, Vanderlindea 
R. Phenolic composition and antioxidant activity in sparkling wines: Modulation by the 
ageing on lees. Food Chemistry. 2014;145:292-299. DOI: 10.1016/j.foodchem.2013.08.070
[51] Sarmento T, Camara C, da Silva Lins A, Barbosa-Filho M, Sarmento E, Magalhaes B, 
Ribeirodos F. Chemical composition and free radical scavenging activity of pollen loads 
from stingless bee Melipona subnitida Ducke. Journal of Food Composition and Analysis. 
2006;19(6-7):507-511. DOI: 10.1016/j.jfca.2005.12.011
[52] Cuyckens F, Claeys M. Determination of the glycosylation site in flavonoid mono-O- 
glycosides by collision-induced dissociation of electrospray-generated deprotonated and 
sodiated molecules. Journal of Mass Spectrometry. 2005;40(3):364-372. DOI: 10.1002/jms.794
[53] Londoño J. Antioxidantes: importancia biológica y métodos para medir su actividad. In: 
Gil M, editor. Desarrollo y Transversalidad serie Lasallista Investigación y Ciencia. 1st 
ed. Medellín: Corporación Universitaria Lasallista; 2011. p. 129-162
[54] Contreras-Calderón J, Calderón-Jaimes L, Guerra-Hernández E, García-Villanova B. 
Antioxidant capacity, phenolic content and vitamin C in pulp, peel and seed from 24 
exotic fruits from Colombia. Food Research International. 2011;44(7):2047-2053. DOI: 
10.1016/j.foodres.2010.11.003
[55] Ortega-Ramírez L, Rodríguez-García I, Leyva J, Cruz-Valenzuela M, Silva-Espinoza B, 
González-Aguilar G, Ayala-Zavala J. Potential of medicinal plants as antimicro-
bial and antioxidant agents in food industry: A hypothesis. Journal of Food Science. 
2014;79(2):R129-R137. DOI: 10.1111/1750-3841.12341
[56] Hernández  ̶ Rodríguez P, Pabón L, Rodríguez M. Propiedades químicas y biológicas 
de Arbutus unedo: una planta con potencial medicinal. Revista Cubana de Farmacia. 
2015;49(1):144-155
Plant Extracts as Antioxidant Additives for Food Industry
http://dx.doi.org/10.5772/intechopen.75444
111
[57] Kuskoski E, Asuero A, Troncoso A, Mancini-Filho J, Fett R. Aplicación de diversos méto-
dos químicos para determinar actividad antioxidante en pulpa de frutos. Food Science 
and Technology (Campinas). 2005;25(4):726-732. DOI: 10.1590/S0101-20612005000400016
[58] Beserra M, Machado P, Campos A, Matias J, de Carvalho C, Arraes G, Gomes T. Bioactive 
compounds and antioxidant activity of fresh exotic fruits from northeastern Brazil. Food 
Research International. 2011;44(7):2155-2159. DOI: 10.1016/j.foodres.2011.03.051
[59] Mesa-Vanegas A, Gaviria C, Cardona F, Sáez-Vega J, Blair S, Rojano B. Actividad antioxi-
dante y contenido de fenoles totales de algunas especies del género Calophyllum. Revista 
Cubana de Plantas Medicinales. 2010;15(2):13-26
[60] Fagali N, Catalá A. Melatonin and structural analogues do not possess antioxi-
dant properties on Fe2+-initiated peroxidation of sonicated liposomes made of reti-
nal lipids. Chemistry and Physics of Lipids. 2011;164(7):688-695. DOI: 10.1016/j.
chemphyslip.2011.07.004
[61] Arrate. Antioxidantes En Alimentación: Diferentes Formas de Expresar su Actividad 
Antioxidante. Tipos de Unidades y Métodos de Análisis. Barcelona. 2007. Available 
from: http://www.anme.com.mx/libros/Antioxidantes%20en%20alimentaci%F3n.pdf 
[Accessed: Feb 2, 2018]
[62] Fukumoto L, Mazza G. Assessing antioxidant and prooxidant activities of phenolic 
compounds. Journal of Agricultural and Food Chemistry. 2000;48(8):3597-3604. DOI: 
10.1021/jf000220w
[63] Alonso D, Salucci M, Lázaro R, Maiani G, Ferro-Luzzi A. Capacidad antioxidante y 
potencial de sinergismo entre los principales constituyentes antioxidantes de algunos 
alimentos. Revista Cubana de Alimtación y Nutrición. 1999;13(2):104-111
[64] Gómez S. Medida de los fenoles totales y de la capacidad antioxidante y antirradica-
laria de los hongos comestibles Marasmius oreades, lactarius deliciosus y macrolepi-
ota procera y su degradación a diferentes tiempos y temperaturas [thesis]. Valladolid: 
Universidad de Valladolid; 2014
[65] Cheng Z, Li Y, Chang W. Kinetic deoxyribose degradation assay and its application in 
assessing the antioxidant activities of phenolic compounds in a Fenton-type reaction sys-
tem. Analytica Chimica Acta. 2003;478(1):129-137. DOI: 10.1016/S0003-2670(02)01435-6
[66] Li X. Solvent effects and improvements in the deoxyribose degradation assay for 
hydroxyl radical-scavenging. Food Chemistry. 2013;141:2083-2088. DOI: 10.1016/j.
foodchem.2013.05.084
[67] Rojano B, Gaviria C, Gil M, Saez J, Schinella G, Tournier H. Actividad antioxidante del 
isoespintanol en diferentes medios. Vitae. 2008;15(1):173-181
[68] Alam N, Nusrat J, Rafiquzzaman M. Review on in vivo and in vitro methods evaluation 
of antioxidant activity. Saudi Pharmaceutical Journal. 2013;21(2):143-152. DOI: 10.1016/j.
jsps.2012.05.002
Antioxidants in Foods and Its Applications112
[69] Borges V, Costa T, Magalhães S, Oliveira A. Total phenolic compounds and antioxi-
dant activity of organic vegetables consumed in Brazil. Food and Nutrition Sciences. 
2015;06(09):798-804. DOI: 10.4236/fns.2015.69083
[70] Oliveira F, dos Santos R, de Souza L, Junger A. Organic and conventional vegetables: 
Comparison of the physical and chemical characteristics and antioxidant activity. 
African Journal of Biotechnology. 2016;15(33):1746-1755. DOI: 10.5897/AJB2016.15386
[71] Farasat M, Khavari-Nejad R, Nabavi S, Namjooyan, F. Antioxidant activity, total pheno-
lics and flavonoid contents of some edible green seaweeds from northern coasts of the 
Persian Gulf. Iranian Journal of Pharmaceutical Research. 2014;13(1):163
[72] Amabye T, Mekonen F. Determination of phenolic compounds and antioxidant activ-
ity in vegetables consumed in mekelle Tigray Ethiopia. Journal of Food Chemistry and 
Nutrition. 2016;4(1):17-22
[73] Vidal A, Andrade-Wartha E, Silva A, Pavan R, Lima A, Fallarero A. Actividad antiox-
idante y polifenoles de las algas marinas Halimeda opuntia y Halimeda monile. Ars 
Pharmaceutica. 2009;50:24-31
[74] Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic compounds of 
112 traditional Chinese medicinal plants associated with anticancer. Life Sciences. 
2004;74(17):2157-2184. DOI: 10.1016/j.lfs.2003.09.047
[75] Vit P, Gutiérrez M, Titera D, Bednar M, Rodríguez-Malaver A. Mieles checas cat-
egorizadas según su actividad antioxidante. Acta bioquímica clínica latinoamericana. 
2008;42(2):237-244
[76] Özkan G, Sagdic O, Baydar N, Baydar H. Note: Antioxidant and antibacterial activi-
ties of Rosa damascena flower extracts. Food Science and Technology International. 
2004;10(4):277-281
[77] Zapata S, Piedrahita A, Rojano B. Capacidad atrapadora de radicales oxígeno (ORAC) y 
fenoles totales de frutas y hortalizas de Colombia. Perspectivas en Nutrición Humana. 
2014;16(1):25-36
[78] Peñaloza J, Rojano B. Potenciación de la capacidad antioxidante mediante interacción sin-
ergista entre bioactivos de frutas nativas colombianas. Alimentos Hoy. 2014;22(33):3-25
[79] Cardozo J, Rodríguez U, Salcedo R, Rodríguez A, Páez L. Beneficios de los antioxidantes 
de la fruta de guayaba (Psidium guajava) rojo y blanco en la prevención y tratamiento del 
cáncer. Revista médica basadrina. 2015;9(1):6-9
[80] Andrade-Cuvi M, Moreno-Guerrero C, Guijarro-Fuertes M, Concellón A. Caracterización 
de la naranjilla (Solanum quitoense) comun en tres estados de madurez. Revista 
Iberoamericana de Tecnología Postcosecha. 2015;16(2):215-221
[81] Jorge P, Troncoso L. Capacidad antioxidante del fruto de la Opuntia apurimacensis 
(ayrampo) y de la Opuntia ficus-indica (tuna). Red de Revistas Científicas de América 
Latina, el Caribe, España y Portugal. 2016;77(2):105-109
Plant Extracts as Antioxidant Additives for Food Industry
http://dx.doi.org/10.5772/intechopen.75444
113
[82] Franco G, Cartagena J, Guillermo Correa L, Rojano B, Piedrahita A. Actividad antioxi-
dante del jugo de Passiflora edulis Sims (Gulupa) durante la poscosecha. Revista Cubana 
de Plantas Medicinales. 2014;19(3):154-166
[83] Otálvaro A, Pabón L, Rendón M, Chaparro M. Microwave extraction of Champa 
(Campomanesia lineatifolia Ruiz & Pav.) fruit: Alternative to obtain natural antioxidants. 
Acta Agronómica. 2018;67(1):53-58. DOI: 10.15446/acag.v67n1.61367
[84] Muñoz W, Chávez W, Pabón L, Rendón M, Chaparro P, Otálvaro-Álvarez A. Extracción 
de compuestos fenólicos con actividad antioxidante a partir de Champa (Campomanesia 
lineatifolia). Revista CENIC. Ciencias Químicas. 2015;46:38-46
[85] Santana M, Machado B, Silva T, Nunes I, Druzian J. Incorporação de urucum como adi-
tivo antioxidante em embalagens biodegradáveis a base de quitosana. Ciencia Rural. 
2013;43(3):544-550. DOI: 10.1590/S0103-84782013005000012
[86] Souza B, Larroza Nunes I, Vargas Pereira F, Druzian J. Desenvolvimento e avaliação da 
eficácia de filmes biodegradáveis de amido de mandioca com nanocelulose como reforço 
e com extrato de erva-mate como aditivo antioxidante. Ciência Rural. 2012;42(11):2085-
2091. DOI: 10.1590/S0103-84782012001100028
[87] Karre L, Lopez K, Getty K. Natural antioxidants in meat and poultry products. Meat 
Science. 2013;94(2):220-227. DOI: 10.1016/j.meatsci.2013.01.007
[88] Ahn J, Grun I, Fernando L. Antioxidant properties of natural plant extracts containing 
polyphenolic compounds in cooked ground beef. Journal of Food Science. 2002;67:1364-
1369. DOI: 10.1111/j.1365-2621.2002.tb10290.x
[89] Carpenter R, O’Grady M, O’Callaghan Y, O’Brien N, Kerry J. Evaluation of the anti-
oxidant potential of grape seed and bearberry extracts in raw and cooked pork. Meat 
Science. 2007;76:604-610. DOI: 10.1016/j.meatsci.2007.01.021
[90] Naveena B, Sen A, Kingsly R, Singh D, Kondaiah N. Antioxidant activity of pomegran-
ate rind powder extract in cooked chicken patties. International Journal of Food Science 
and Technology. 2008;43:1807-1812. DOI: 10.1111/j.1365-2621.2007.01708.x
[91] Raghavan S, Richards M. Partitioning and inhibition of lipid oxidation in mechanically 
separated Turkey by components of cranberry press cake. Journal of Agricultural and 
Food Chemistry. 2006;54:6403-6408. DOI: 10.1021/jf061078n
[92] Lee C, Reed J, Richards M. Ability of various polyphenolic classes from cranberry to 
inhibit lipid oxidation in mechanically separated Turkey and cooked ground pork. 
Journal of Muscle Foods. 2006;17:248-266. DOI: 10.1111/j.1745-4573.2006.00048.x
[93] Qi S, Zhou D. Lotus seed epicarp extract as potential antioxidant and anti-obesity addi-
tive in Chinese Cantonese sausage. Meat Science. 2013;93(2):257-262. DOI: 10.1016/j.
meatsci.2012.09.001
[94] Mohdaly A, Sarhan M, Mahmoud A, Ramadan M, Smetanska I. Antioxidant efficacy of 
potato peels and sugar beet pulp extracts in vegetable oils protection. Food Chemistry. 
2010;123(4):1019-1026. DOI: 10.1016/j.foodchem.2010.05.054
Antioxidants in Foods and Its Applications114
[95] Ferrando M, Rózek A, Achaerandio I, Güell C. Grape phenolic infusion into solid foods: 
Studies on mass transfer and antioxidant capacity. Procedia Food Science. 2011;1:1494-
1501. DOI: 10.1016/j.profoo.2011.09.221
[96] Selani M, Contreras-Castillo C, Shirahigue L, Gallo C, Plata-Oviedo M, Montes-
Villanueva N. Wine industry residues extracts as natural antioxidants in raw and 
cooked chicken meat during frozen storage. Meat Science. 2011;88(3):397-403. DOI: 
10.1016/j.meatsci.2011.01.017
[97] Peng X, Ma J, Cheng KW, Jiang Y, Chen F, Wang M. The effects of grape seed extract 
fortification on the antioxidant activity and quality attributes of bread. Food Chemistry. 
2010;119(1):49-53. DOI: 10.1016/j.foodchem.2009.05.083
[98] Reddy V, Urooj A, Kumar A. Evaluation of antioxidant activity of some plant extracts 
and their application in biscuits. Food Chemistry. 2005;90(1):317-321. DOI: 10.1016/j.
foodchem.2004.05.038
[99] Fernandes R, Trindade M, Tonin F, Lima C, Pugine S, Munekata P, Melo M. Evaluation 
of antioxidant capacity of 13 plant extracts by three different methods: Cluster anal-
yses applied for selection of the natural extracts with higher antioxidant capacity to 
replace synthetic antioxidant in lamb burgers. Journal of Food Science and Technology. 
2016;53(1):451-460. DOI: 10.1007/s13197-015-1994-x
[100] Rather S, Masoodi F, Akhter R, Rather J, Shiekh K. Advances in use of natural anti-
oxidants as food additives for improving the oxidative stability of meat products. 
Madridge Journal of Food Technology. 2016;1(1):10-17. DOI: 10.18689/mjft.2016-102
[101] Zhang H, Wu J, Guo X. Effects of antimicrobial and antioxidant activities of spice 
extracts on raw chicken meat quality. Food Science and Human Wellness. 2016;5(1):39-
48. DOI: 10.1016/j.fshw.2015.11.003
[102] Casarotti S, Jorge N. Antioxidant activity of rosemary extract in soybean oil under 
thermoxidation. Journal of Food Processing and Preservation. 2014;38(1):136-145. DOI: 
10.1111/j.1745-4549.2012.00755.x
[103] Martillanes S, Rocha-Pimienta J, Cabrera-Bañegil M, Martín-Vertedor D, Delgado-
Adámez J. Application of phenolic compounds for food preservation: Food additive 
and active packaging. In: Phenolic Compounds-Biological Activity. Croatia: InTech; 
2017. DOI: 10.5772/66885
[104] Azman N, Skowyra M, Muhammad K, Gallego M, Almajano M. Evaluation of the 
antioxidant activity of Betula pendula leaves extract and its effects on model foods. 
Pharmaceutical Biology. 2017;55(1):912-919. DOI: /10.1080/13880209.2017.1282528
[105] Klinjapo R, Areerat K, Sutthirak P. Study effect of natural extracts on the antioxidant 
activity in pork balls. British Food Journal. 2017;119(10):2217-2228. DOI: 10.1108/
BFJ-11-2016-0532
[106] Otálvaro A, Pabón L, Rendón M, Chaparro M. Extractos de Campomanesia lineatifolia 
para el control del pardeamiento enzimático en papa mínimamente procesada. Revista 
Ciencia y Agricultura. 2017;14(2):39-48. DOI: 10.19053/01228420.v14.n2.2017.7147
Plant Extracts as Antioxidant Additives for Food Industry
http://dx.doi.org/10.5772/intechopen.75444
115

